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Increased oxidative stress in mouse kidneys with unilateral was pioneered by Klahr [1, 2]. The acute hemodynamic
ureteral obstruction. abnormalities in ureteral obstruction have been well de-
Background. Unilateral ureteral obstruction (UUO) is a scribed. However, the cellular and molecular mecha-well-established experimental model of renal injury leading to
nism(s) of interstitial fibrosis in obstructed kidneys isinterstitial fibrosis. The molecular and cellular mechanism(s) of
beginning to be elucidated. The mechanical disturbanceinterstitial fibrosis in UUO kidney is beginning to be elucidated.
Oxidative stress has been implicated in the pathogenesis of resulting from ureteral ligation (tension stress) [3], hyp-
various forms of renal injury; however, little is known about oxia induced by a marked decline in renal plasma flow
its involvement in the setting of ureteral obstruction. [2], up-regulation of monocyte chemoattractant peptideMethods. To investigate the possible involvement of oxida-
[4], osteopontin [5], heat shock protein 47 (HSP47) [6, 7],tive stress in the obstructive nephropathy, we studied the occur-
and intercellular adhesion molecule 1 [8], macrophagerence and distribution of Ne-carboxymethyl-lysine (CML) in
the kidneys after ureteral obstruction. CML is an integrative influx into the interstitium [4, 9] and production of
biomarker of the cumulative protein damage induced by gly- macrophage-derived cytokines, especially transforming
coxidation. Heme oxygenase-1 (HO-1) mRNA and protein growth factor-b (TGF-b) [10, 11], have been shown toexpression, which is a sensitive and reliable indicator of oxida-
play important roles in the tubulointerstitial damage intive stress, were also examined.
UUO kidney. Interestingly, recent studies suggested thatResults. CML immunoreactivity was found in the intersti-
tium of UUO kidneys 10 days after the onset ureteral obstruc- tension stress [8, 12], hypoxia, macrophage infiltration
tion. HO-1 mRNA was up-regulated as early as 12 hours after [13, 14], and production of cytokines [15–17] may affect
ureteral obstruction. HO-1 immunoreactivity was observed in the redox state in vitro. Because of the difficulty of thethe periglomerular and peritubular interstitium two days after
measurement of reactive oxygen species (ROS) in vivo,ureteral obstruction.
little is known about the production of ROS in the UUOConclusions. These results strongly suggested the presence
of increased oxidative stress in the interstitium of UUO kid- model. Modification of proteins and lipids by oxidative
neys. The oxidative stress and the formation of various kind stress is believed to play a central role in a variety of
of biological active oxidative products in the interstitium are
biological activities caused by increased oxidative stresssupposed to play significant roles in UUO kidney.
such as cell proliferation [18], apoptosis [19–21], and
extracellular matrix expansion [22, 23]. In addition to its
biological importance, oxidative products can be used asRenal interstitial fibrosis is one of the common histo-
a useful marker indicative of increased oxidative stress.pathological features of progressive renal disease of di-
Modi et al found that 3, 5, and 24 hours following theverse etiology. Chronic unilateral ureteral obstruction
release of bilateral ureteral obstruction, rats pretreated(UUO) is a well-characterized experimental model of
with probucol had significantly reduced levels of malon-renal injury, leading to tubulointerstitial fibrosis, that
dialdehyde compared with nontreated obstructed con-
trol animals [24]. However, there is no information about
the formation of oxidative products in nonreleased ure-Key words: interstitial fibrosis, advanced glycation end product, UUO,
renal injury, heme oxygenase-1. teral obstructed kidney.
In this study, we studied the occurrence and distribu-Received for publication August 4, 1998
tion of Ne-carboxymethyl-lysine (CML) [25], a dominantand in revised form April 14, 1999
Accepted for publication April 24, 1999 structure of advanced glycation end products (AGEs),
in the obstructed kidneys to explore the biological rele- 1999 by the International Society of Nephrology
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vance of oxidative stress in a mouse ureteral obstruction and was ligated with 4-0 silk at two points. For the RNA
extraction, both the obstructed and contralateral kidneysmodel. Normal proteins are modified by the nonenzy-
matic Maillard reaction-linking protein amino groups were harvested from UUO animals at 12 hours and 1,
2, 4, and 7 days after UUO (N 5 4 for each groups).with glucose-derived aldehyde group, and they yield ad-
vanced glycation end products (AGEs) [26]. CML is The sham operation consisted of a similar suprapubic
incision and identification of the left ureter, but ligationformed by glycation and oxidation reactions, such as on
oxidative degradation of fructose-lysine and also by a of the ureter was not performed (N 5 3). Midcoronal
sections of the kidneys from UUO animals at 12 hoursreaction with autoxidative products of glucose [27, 28].
The glycoxidation reaction only proceeds in the presence and 1, 2, 4, 6, and 10 days after UUO (at least three
animals for each groups) and from sham animals (N 5of oxygen mediated by a free radical mechanism involv-
ing superoxide radicals and hydrogen peroxide [29]. Be- 3) were also taken for immunohistochemical labeling.
cause the formation of CML modification of proteins is
Tissue preparationirreversible, CML has been considered as an integrative
biomarker for the accumulated oxidative stress with For immunohistochemistry, the mice were anesthe-
tized with pentobarbital, and the kidneys were perfusedwhich the respective tissue had been exposed [30]. AGE-
modified proteins increase in diabetic patients as a result in situ with cold phosphate-buffered saline (PBS) to re-
move circulating blood cells. The kidneys were removed,of sustained hyperglycemia [31, 32] or in normoglycemic
uremic patients probably because of an increased oxida- sliced transversely in 2 to 3 mm thick sections, immersed
in a cold 4% paraformaldehyde (PFA) solution for 16tive stress [33]. They lead to tissue damage through a
variety of mechanisms, including alteration of tissue pro- to 24 hours, and embedded in paraffin or Tissue-Tec
O.T.C. compound (Miles, Elkhart, IN, USA). At leastteins structure and function [26, 31] and stimulation of
cellular responses [34–37] through AGE-specific recep- three animals were included in the immunohistochemical
analysis for each group.tors [38–40].
Heme oxygenase-1 (HO-1), one of two isoforms of
Immunohistochemical studyheme oxygenase that catabolize cellular heme to biliver-
din, carbon monoxide, and free iron, is strongly induced Antibodies. Smooth muscle a-actin (SMaA) and mono-
cytes/macrophages were identified with mouse anti-during oxidative stress, and HO-1 is considered one of
the most sensitive and reliable indicators of cellular oxi- SMaA monoclonal antibody (1A4) (Sigma Co., Stein-
heim, Germany) and biotinylated rat antimouse F4/80dative stress [41]. We investigated the induction of HO-1
mRNA in UUO kidneys to monitor the oxidative stress antigen (Serotec Ltd., Oxford, UK), respectively. Mouse
anti-SMaA monoclonal antibody was biotinylated by Bi-in the kidneys after UUO.
Polyclonal anti-CML antibodies were used in this otin Protein Labeling Kit (Boehringer, Mannheim, Ger-
many). Rabbit polyclonal anti-AGE antibody raised bystudy to reveal the distribution of CML, and we found
that 10 days after ureteral obstruction, CML was de- immunization with AGE-modified keyhole limpet he-
mocyanin (KLH) was used in this study. This antiserumtected in the interstitium of UUO kidneys. By Northern
blotting, HO-1 mRNA was shown to increase 12 hours was demonstrated to react with proteins [bovine serum
albumin (BSA), b2-microglobulin, and KLH] modifiedafter ureteral obstruction and stayed at the increased
level at one day. HO-1 protein expression was demon- with CML, but not with their counterparts modified with
pentosidine nor pyrraline [42]. Thus, we regarded thisstrated in the periglomerular and peritubular interstitium
two days after UUO. These data indicated the cumula- antiserum as anti-CML polyclonal antibody. To detect
HO-1 and Tamm-Horsfall protein (THP) in mice kid-tive oxidative stress in the UUO kidneys. The cumulative
oxidative stress and the formation of biologically active neys, rabbit anti–HO-1 polyclonal antibody (Stressgen
Corp., Victoria Canada) and sheep anti-THP antibodyoxidative products in the interstitium are likely to play
significant roles in the pathogenesis of UUO kidneys. (Chemicon Int., Temecula, CA, USA) were used.
Cryosections (6 mm) obtained from obstructed kid-
neys and contralateral control kidneys were fixed in ice-
METHODS
cold acetone for 30 minutes. Paraffin sections obtained
Experimental protocol from obstructed kidneys and contralateral control kid-
neys were deparaffinized by xylene. All sections wereMale BDF1 mice weighing 25 to 30 g were used in
these experiments. The general procedure of the mouse incubated in a 99:1 methanol/H2O2 solution for 30 min-
utes at room temperature to inactivate the endogenousUUO operation is the same as described previously [7].
After the induction of general anesthesia by an intraperi- peroxidase activity, and they were then washed three
times in PBS for 10 minutes, preincubated at room tem-toneal injection of pentobarbital (50 mg/kg body wt), all
mice underwent left proximal ureteral ligation. The left perature in blocking solution (10% goat or donkey serum
and 1% BSA) for 30 minutes, and washed in PBS threeureter was identified through a small suprapubic incision
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times for three minutes each time; the first antibody was was quantitated with the computing densitometer Image
Quant (Molecular Dynamics, Sunnyvale, CA, USA).then applied to the sections. Incubation with the first
antibody was performed for 16 hours at 48C. After re- The following 32P multiprime-labeled DNA probes
were prepared by a rediprime DNA labeling systemmoval of the first antibody and three serial washes in
ice-cold PBS, the sections for CML, HO-1, and THP (Amersham, Buckinghamshire, UK). Rat HO-1 cDNA
(pRHO-1) was kindly provided by Dr. Shibahara (To-were incubated with the second antibody (for CML,
HO-1, which is a biotinylated goat antirabbit antibody, hoku University School of Medicine, Japan) [44]. ApaI/
EcoRI fragment of pRHO-1 (649 bp) was used as a probe1:150, Vector ABC kit; Vector Laboratories, Inc., Burl-
ingame, CA, USA; for THP, a biotinylated donkey anti- for Northern blotting. Rat glyceraldehyde-3-phosphate-
dehydrogenase (GAPDH) cDNA [45] was used to moni-sheep antibody, 1:150; Chemicon) for one hour at room
temperature, followed by three times washes in ice-cold tor the variation of the sample loading.
PBS. All sections were incubated in an avidin-biotinyl-
Analytical procedureated horseradish peroxidase complex (Vector) for 40
minutes at room temperature. The peroxidase activity All values are expressed as mean 6 sd. The induction
was visualized with a solution containing 0.35 mg/ml of of HO-1 mRNA levels were analyzed by one-way analy-
p-dimethyl aminobenzaldehyde and 10 mg/ml of H2O2 sis of variance. Statistically significant differences be-
in 50 mm Tris-HCl (pH 7.6). After counterstaining in tween groups were defined as P values of less than 0.05.
methylgreen or hematoxylin eosin, the sections were
mounted. As a negative control for CML staining, nor-
RESULTSmal rabbit serum was used instead of the anti-CML anti-
body. To test the specific binding of CML antibody,
Characterization of mouse unilateral ureteralpreabsorption of the anti-CML antibody with AGE-
obstruction kidneyBSA was performed.
Smooth muscle a-actin, a marker of myofibroblasts,RNA isolation and Northern blotting. For RNA ex-
and F4/80 antigen, a marker of macrophages, were immu-traction, the kidneys were perfused in situ with cold PBS
nohistologically analyzed using consecutive sections inand were removed, snap frozen in liquid nitrogen, and
normal control and obstructed kidneys 12 hours and 1,kept at 2808C until use. A whole kidney was homoge-
2, 4, and 10 days after ureteral obstruction.nized with a Polytron homogenizer (Kinematica, Zurich,
Smooth muscle a-actin was positively stained only inSwitzerland) in TRIzol reagent (3 ml for a whole kidney;
the vascular wall, but not in the interstitial space in bothGIBCO BRL, Gaithersburg, MD, USA), and the total
normal and contralateral control kidneys (Fig. 1A). Nocellular RNA was prepared by acid guanidinium thiocya-
positive staining of SMaA was observed in the interstitialnate-phenol-chloroform extraction procedure according
space in the kidneys 12 hours after ureteral obstructionto the manufacturer’s instructions [43]. Twenty micro-
(Fig. 1C). One day after the onset of ureteral obstruction,grams of RNA were size fractionated on 1% agarose-
SMaA labeling was detected in the peritubular and peri-formaldehyde gel, transferred to a nylon membrane filter
glomerular loci within the cortex (Fig. 1E). The labeling(Hybond N1; Amersham, Boston, MA, USA), and
of SMaA was intensified 2, 4, and 10 days after ureteralcross-linked by ultraviolet wave irradiation. Prehybrid-
obstruction (Fig. 1 G, I, and K).ization of the membranes was done for two hours at
F4/80 antigen-positive macrophages were present in428C in a buffer containing 5 3 SSPE [1 3 SSPE 5 150
mm NaCl, 11 mm NaH2PO4, 2 mm ethylenediaminetetra- both normal and contralateral control kidneys. There
was no difference in the cortical interstitial macrophageacetic acid (EDTA)], 10 3 Denhardt’s (100 3 Den-
hardt’s 5 2% Ficoll, 2% polyvinylpyrroridone, 2% staining between normal (Fig. 1B) and contralateral kid-
neys (data not shown). The number of macrophages wasBSA), 0.5% sodium dodecyl sulfate, 100 mg/ml dena-
tured salmon sperm DNA, and 50% (vol/vol) for- not increased in the obstructed kidneys 12 hours and
1 day after ureteral obstruction (Fig. 1 D, F). In themamide. The membranes were hybridized with 106 cpm/
ml cDNA probes (described later in this article) in hy- obstructed kidneys two days after the onset of ureteral
obstruction, an increased number of F4/80 antigen-posi-bridization buffer (same as prehybridization buffer) for
24 hours at 428C. After hybridization, the filters were tive macrophages were noted almost exclusively in the
peritubular and periglomerular loci within the cortexwashed three times for 15 minutes in 1 3 standard saline
citrate (SSC; 20 3 SSC 5 3 m NaCl, 0.3 m sodium citrate, (Fig. 1H). There was an increase in the number of F4/
80 antigen-positive macrophage infiltration 4 and 10 dayspH 7.0) with 0.1% sodium dodecyl sulfate (SDS) at 608C.
The membranes were then autoradiographed with the after the onset of ureteral obstruction (Fig. 1 J, L).
It is not clear whether the F4/80 antigen-positive mac-intensifying screens (DuPont, Wilmington, DE, USA)
at 2708C for one to three days. The density of the bands rophages express SMaA. However, SMaA-positive my-
Fig. 4. Avidin-biotinylated horseradish peroxidase immunostaining of
Ne-carboxymethyl-lysine (CML) in ureteral obstructed kidneys.
Lightfield photomicrographs of the cortical regions of paraffin sectionsFig. 1. Avidin-biotinylated horseradish peroxidase immunolocaliza-
immunostained for CML. (A) Ten days after ureteral obstructiontion of smooth muscle a-actin (SMaA) and F4/80 antigen in obstructed
(3200). (B) The same section at 3400 magnification. The competitionand contralateral control kidneys 12 hours and 1, 2, 4, and 10 days after
experiments were performed utilizing the anti-CML antibody preincu-ureteral obstruction. Light field photomicrographs of the cortical region
bated with an excess of AGE-BSA. (C) Ten days after ureteral obstruc-of a cryosection of a normal and the ureteral obstructed kidney (A, C,
tion (3400).E, G, I, and K) immunostained for SMaA (B, D, F, H, J, and L)
immunostained for F8/40 antigen. (A, B) Normal control. (C, D) Twelve
hours (E, F), 1 day (G, H), 2 days (I, J), 4 days, and (K, L) 10 days
after ureteral obstruction (3400). Consecutive sections were used for
corresponding SMaA and F8/40 immunostaining (examples of F4/80
antigen-positive macrophages were indicated by arrowheads).
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was limited to the tubules, and no signal was observed
in the interstitium (data not shown). At 10 days following
ureteral obstruction, CML immunoreactivity was ob-
served in the periglomerular and peritubular interstitium
of the obstructed kidneys (Fig. 4 A, B). To test the
specific binding of CML antibody to interstitium, the
competition experiment was performed. Preabsorption
of the anti-CML antibody with AGE-BSA completely
abolished the immunostaining observed in the control
kidneys (Fig. 2 B, D, and F) or in the obstructed kidneys
(Fig. 4C).
Expression of heme oxygenase-1 in the
obstructed kidneys
To investigate whether or not there is an early increase
in oxidative stress in the obstructed kidneys following
the ureteral obstruction, induction of HO-1 mRNA was
examined by Northern blot analysis. As shown in Figure
5A, HO-1 mRNA was not detected in the sham-operated
kidneys, whereas there was a significant increase in HO-1
mRNA abundance 12 hours and 1 day after the onset
of ureteral obstruction. Densitometric analysis of the
autoradiogram revealed that HO-1 mRNA abundance
was increased 12 times that of sham at 12 hours and 11
Fig. 2. Avidin-biotinylated horseradish peroxidase immunolocaliza- times that of sham at 1 day after the onset of ureteral
tion of Ne-carboxymethyl-lysine (CML) in normal control kidneys. obstruction (Fig. 5B). It then decreased to four timesLightfield photomicrographs of the normal control kidneys of paraffin
that of sham at four days and twice that of sham at sevensections immunostained for CML. (A) Cortical region. (C) Outer med-
ullary region. (E) Papillary region (3200). The competition experiments days after ureteral ligation.
were performed using the anti-CML antibody preincubated with an
excess of AGE-BSA. (B) Cortical region. (D) Outer medullary region. Immunohistochemical detection of heme oxygenase-1(F) Papillary region (3200).
in the obstructed kidneys
Localization of HO-1 protein in the obstructed kid-
neys was examined by immunohistochemical analysis us-
ofibroblasts are more widely distributed than the F4/80 ing rabbit anti–HO-1 polyclonal antibody. The specificity
antigen-positive macrophages. of this antiserum in the immunohistochemical detection
of HO-1 was already described [46]. There were no sig-
Immunohistochemical detection of Ne-carboxymethyl-
nals in the sham-operated kidneys (Fig. 6B). Positivelysine in the normal and obstructed kidneys
staining of HO-1 protein was observed in the periglomer-
To clarify the localization of CML in the obstructed ular interstitium two days after ureteral obstruction (Fig.
kidneys, immunohistochemical analysis was performed 6A). There was a slight increase in the HO-1 staining
using anti-CML polyclonal antibody. CML immuno- in the tubules of obstructed kidney compared with the
staining in the normal control kidneys is shown in Figure signals seen in the tubules of control kidney, but it was
2. In the cortex (Fig. 2A) and outer medulla (Fig. 2C) only marginal.
of normal kidneys, CML was positively stained in the
tubules, but not in the interstitium or in the glomeruli.
DISCUSSIONThe distribution of CML-positive tubules was apparently
different from the THP-positive tubules (Fig. 3), and The possible involvement of oxidative stress in the
pathogenesis of obstructive nephropathy has recentlyCML-positive tubules were considered as proximal tu-
bules or collecting ducts. Interestingly, there was a sub- begun to attract attention, however, our knowledge on
this issue is still limited. The availability of an index ofstantial staining of CML in the papillary region of the
normal kidneys (Fig. 2E). Figure 4 shows the representa- oxidative stress would afford considerable insight into
the importance of oxidative injury and give a new thera-tive appearance of the immunolocalization of CML in
the UUO kidneys. CML localization in the obstructed peutic approach for UUO kidneys.
Ricardo et al have indirectly proved the production ofkidneys was also examined at two and six days after
ureteral obstruction; however, positive staining of CML ROS in UUO kidney by the measurement of superoxide
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Fig. 3. Avidin-biotinylated horseradish peroxidase immunolocalization of Ne-carboxymethyl-lysine (CML) and Tamm-Horsfall protein (THP) in
normal control kidneys. Lightfield photomicrographs of paraffin sections from the normal control kidneys. (A) Immunostained for THP. (B)
Immunostained for CML (3100). THP-positive distal tubules were not stained by CML (arrowheads).
Fig. 6. Avidin-biotinylated horseradish peroxidase immunostaining of heme oxygenase-1 (HO-1) in ureteral obstructed kidneys. Light field
photomicrographs of the cortical regions of paraffin sections immunostained for HO-1. (A) Two days after ureteral obstruction. (B) Sham-operated
control (3400). Positive staining of HO-1 protein was mainly observed in the interstitial region of unilateral ureteral obstruction kidney (arrowheads).
anion and hydrogen peroxide in kidney slice cultures [3]. degradation of fructoselysine [27] and also by reaction
with autoxidative products of ascorbate [28] and glucoseHowever, investigation of tissue localization of oxidative
stress is not feasible by this method. [47]. Because the formation of CML is irreversible, it
has been suggested that CML is an integrative biomarkerIn this study, we selected two molecules as markers
of oxidative stress in UUO kidney, one is CML as a for the cumulative oxidative stress in various tissues in-
cluding kidney.marker for the cumulative oxidative stress and another
is HO-1 as a sensitive marker of the onset of oxidative We found that in normal control kidneys, CML was
positively stained in the tubules of cortex, outer medulla,stress. The formation of CML in the obstructed kidneys
was examined by immunohistochemistry. Recent investi- and papilla. CML-positive tubules in the outer medullary
regions were not stained by anti-THP antibody (Fig. 3),gations suggest that AGE accumulation including CML
is closely linked to a redox imbalance. Ahmed, Thorpe, and these tubules were considered as proximal tubules
or collecting ducts. This observation is consistent withand Baynes showed that CML is formed on oxidative
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Fig. 5. Heme oxygenase-1 (HO-1) mRNA in mouse kidneys 12 hours
and 1, 4, and 7 days after the onset of ureteral obstruction. (A) Represen-
tative samples are shown in this autoradiogram. Each lane represents
RNA (20 mg) from obstructed kidney from individual animal. The top
panel shows the HO-1 mRNA. The middle panel shows the GAPDH
mRNA, and the bottom panel represents the ethidium bromide staining
of the gel. (B) Relative induction of HO-1 mRNA by densitometry of the
Northern blotting autoradiograms. The densitometric values of sham-
operated kidneys were taken as 1. Results are mean 6 sd of four
independent animals. *P , 0.001 vs. sham; †P , 0.001 vs. day 4.
previous work in human kidney specimens when proxi- specificity of the binding of anti-CML antibody to the
interstitium, the competition experiment was performed.mal tubules were positively stained with anti-AGE
monoclonal, anti-AGE polyclonal, and antipentosidine Preabsorption of the anti-CML antibody with AGE-
BSA completely abolished the immunostaining both inantibodies [42]. Circulating AGEs are supposed to be
filtered by renal glomeruli, reabsorbed in the proximal tubules and in interstitium, confirming the specificity of
the signals observed in the tubules and interstitium. Astubules where they are degraded or modified, and even-
tually excreted in the urine [48, 49]. An interesting find- the nature of CML formation, these results indicate that
the interstitial regions of UUO kidneys are under theing in the normal kidneys is the abundance of CML in
the inner medullary to papillary region. This distribution conditions of cumulative, not transient, oxidative stress.
We also studied the expression of HO-1 mRNA, whichof CML in the deeper part of the kidney suggests that
there is a cortico-medullary gradient in terms of the is considered to be a sensitive and reliable indicator of
oxidative stress [51]. There was only a marginal signaloxidative stress. Recently, in a rat model maintained on
an antioxidant-deficient diet for 12 weeks, Nath et al of HO-1 mRNA in the sham-operated kidneys, which is
in good agreement with the previous observation byobserved that tissue fibrotic change was more prominent
in the medulla than in the cortex, and they discussed Nath et al [52]. We found that HO-1 mRNA was clearly
induced 12 hours after the onset of ureteral ligation andthe possibility that there may be a cortico-medullary
concentration gradient of hydrogen peroxide [50]. Our stayed at the increased level until one day after UUO,
but it decreased four days after UUO. This time coursefinding of CML accumulation in the inner medulla may
be relevant to their hypothesis. In UUO kidneys, positive of HO-1 induction suggests the early onset of oxidative
stress in the obstructed kidneys and is consistent withstaining of CML was limited to the tubules in the tissues
of two and six days after the onset of ureteral obstruction. the observation by Ricardo et al that hydrogen peroxide
formation is enhanced in the kidney slices obtained fromHowever, 10 days following ureteral obstruction, CML
was positively stained in the interstitium. To test the obstructed kidneys 24 hours after ureteral ligation [3]. In
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the early time points (12 or 24 hr) after ureteral ligation, one of stress proteins designated as HSP32 [56], in the
increments of macrophages were not detected by immu- obstructed kidneys. Thus, we speculate that up-regula-
nohistochemical analysis (Fig. 1). Although more precise tion of HSP47 expression may at least partly be mediated
investigations are necessary, early induction of HO-1 by the common pathway for the induction of HO-1
mRNA suggests that oxidative stress precedes the mac- mRNA, presumably by the cumulative oxidative stress
rophage infiltration in the UUO model. Immunohisto- and the formation of oxidative products in the UUO
chemical analysis of HO-1 protein in the obstructed kid- kidneys.
neys revealed the up-regulated expression of HO-1 Recent investigations revealed the relationships be-
protein both in the tubules and interstitium two days tween the interstitial damage and the prognosis of renal
after ureteral obstruction, but the degree of staining was dysfunction [57]. The insights into the mechanisms of
stronger in the peritubular and periglomerular intersti- interstitial damages would give a novel therapeutic ap-
tium than in the tubules. Induction of HO-1 has been proach for the prevention of progressive renal function
demonstrated in toxic renal injuries (by mercuric chlo- deterioration. The mechanisms of the development of
ride, cisplatin) and in glycerol-induced acute renal failure tubulointerstitial injury and interstitial fibrosis in UUO
[53–55]. In previous works, HO-1 protein was induced kidney is a complex pathophysiological sequel of cellular
in the tubules [53, 55]. Recently, Mosley et al demon- and molecular events. Cumulative oxidative stress and
strated the induction of HO-1 in both glomeruli and formation of oxidative products in the interstitium of
tubules in nephrotoxic nephritis rat, and they concluded UUO kidney are supposed to play significant roles in
that the source of glomerular HO-1 is infiltrated macro- the development of tubulointerstitial fibrosis of UUO
phages [46]. In this study, interstitial expression of HO-1 kidney. Prevention of the oxidative products formation
protein was observed two days after ureteral obstruction, may contribute to the treatment of interstitial damage
and HO-1 mRNA levels showed a transient increase in kidney diseases.
with maximum levels 12 hours and 1 day after ureteral In summary, our current study has shown increased
obstruction. After the maximum induction in one day accumulation of CML in the interstitium of UUO kidney.
after ureteral obstruction, HO-1 mRNA levels are gradu- Induction of HO-1 mRNA as early as 12 hours after
ally decreased. In contrast, the apparent increase of the ureteral obstruction was also demonstrated. HO-1 pro-
number of interstitial macrophage was not observed in tein expression was enhanced in periglomerular and peri-
the kidneys 12 hours and 1 day after ureteral obstruction, tubular interstitium two days after UUO. Taken to-
and the number of interstitial macrophage is gradually gether, these results suggest that the interstitium in the
increased 2 to 10 days (Fig. 1). From the discrepancy in setting of UUO is under the continuous oxidative stress.
the time course for HO-1 induction and macrophage Cumulative oxidative stress and formation of oxidative
infiltration, we speculate that the source of HO-1 in the products in interstitium are likely to play significant roles
interstitium of UUO kidney is not infiltrating macro- in the development of tubulointerstitial fibrosis in UUO
phages per se. This is the first demonstration of HO-1 kidneys. The potential protective role of heme oxygenase
induction in the interstitium of UUO kidneys and against the oxidative injury in UUO kidneys remains to
strongly suggests the early onset of oxidative stress in be elucidated.
the obstructed kidneys. The functional significance of
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